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▼An increasing number of disease genes have been identi-
fied in which the majority of mutations result in the pre-
mature termination of translation. The protein truncation
test (PTT) is a rapid and efficient test to uncover mutations
causing premature translation termination. Using this test,
several types of gene mutations, including splice-site al-
terations, out-of-frame deletions and insertions, and non-
sense mutations can be rapidly and sensitively analyzed in
large stretches of genomic DNA and complementary DNA
(cDNA).
With PTT the coding region of a gene is screened for
the presence of translation terminating mutations using
in vitro protein synthesis from an amplified copy. The proce-
dure includes three important steps: 1) isolation of genomic
DNA and amplification of a stretch of exonic sequences us-
ing PCR or, alternatively, isolation of total RNA or mRNA
and amplification of the target sequence using reverse tran-
scription PCR (RT-PCR). PCR is performed using a modified
primer containing a T7- or SP6-RNA polymerase promoter
and a eukaryotic translation initiation sequence (Kozak se-
quence); 2) these PCR products are used as a template for
the in vitro synthesis of RNA, which is subsequently trans-
lated into protein. During translation, radiolabeled amino
acids are incorporated into the translation products; 3) the
translation products are resolved by SDS-PAGE and detected
by fluorography. The shorter protein products of mutated
alleles are easily distinguished from the full length protein
products of normal alleles (Ref. 1, 2, 3, 4, 5). If starting from
RNA, the dried SDS-gels might need longer exposure times
before autoradiograms are developed, because mRNA from
mutant alleles is often less stable when compared with the
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normal copy, resulting in less template to be translated into
the truncated peptide (Ref. 6).
We performed PTT-analysis of four genes: BRCA1 [ge-
nomic DNA; exon 11, amplified in three overlapping
fragments (Ref. 2)], BRCA2 [genomic DNA; exon 10 (one
fragment) and exon 11 amplified in five overlapping
fragments (Ref. 7)], APC [genomic DNA; exon 15 amplified
in four overlapping fragments (Ref. 3)] and NF1 [total
RNA; complete coding sequence amplified in five over-
lapping fragments (Ref. 4, 5)]. PCR products, generated
with modified primers containing a T7-promoter and a
eukaryotic translation initiation sequence, were used as
substrate for in vitro transcription and translation using
the TnT/T7-coupled reticulocyte lysate system (Promega).
3H-leucine (Amersham) was incorporated into the proteins
during translation.
We compared in vitro transcriptions and translations at
30◦C (as recommended by Promega) to reactions performed
at 22◦C. For both reactions we started from the same PCR
products. Reaction products were loaded on 10% and 15%
SDS-PAGE gels with and without 2 M urea in a Protean II
xi Cell-complete system (Bio-Rad) and separated for 16 h at
30 mA at room temperature. We performedmatched exper-
iments. In vitro transcriptions and translations at 22◦C and
30◦C from the same fragments were loaded on the same
gel next to each other. The same reaction products were
loaded once more on a gel containing 2 M urea and elec-
trophoresed in the same gel system overnight. In addition,
we evaluated the effect of cooling the gels to 8◦C during
electrophoresis at 30 mA overnight by loading the reaction
products onto 10% or 15% gels.
It is very important to start the procedure from a very
specific PCR product. This allows the use of the prod-
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FIGURE 1. In vitro transcriptions performed at 22◦C (a) and 30◦C (b), followed by SDS-PAGE (15% polyacrylamide gel with 2 M urea; 30 mA, 16 h).
Protein truncation test of BRCA2 exon 11 - fragments E (i) and C (ii). Reactions performed at 22◦C are more efficient than those at 30◦C and no
additional non-specific bands occur.
uct without further purification in the in vitro transcrip-
tion/translation reaction. We used about 200 to 250 ng
DNA in a total reaction volume of 20 µl. In vitro transcrip-
tion/translation was allowed to proceed for 90 minutes.
After the addition of 20 µl SDS-Laemmli loading buffer,
denaturation of the samples at 100◦C for 5 minutes and
centrifugation for 5 minutes, 10 µl was loaded onto the gel.
After 16 hours exposure of the gels to an autoradiography
film, the signal obtained from in vitro transcriptions and
translations at 22◦C was stronger than the signal obtained
from reactions performed at 30◦C (Fig. 1). The differences
were significant for all 18 fragments of the four genes tested.
The peptide fragments synthesised at either 22◦C or 30◦C
were identical; no additional aspecific bands occurred at
22◦C. We conclude that 22◦C provides a more optimal en-
vironment for the reaction than 30◦C.
Urea is known to prohibit aggregation of protein prod-
ucts. On autoradiograms of 10% SDS-PAGE gels containing
2 M urea sharper bands are observed compared with 10%
SDS-PAGE gels without 2 M urea (Fig. 2). This was observed
for all analyzed fragments except for the fragments B and C
of exon 11 of BRCA2. Generally, analysis on 15% gels gives
sharper bands and also here the addition of 2 M urea might
be beneficial, although the effect is less pronounced. For
the fragments B and C of exon 11 of BRCA2 better results
were obtained using 15% SDS-PAGE gels without urea (Fig.
3).
Finally, we observed that cooling the SDS-PAGE gels
to 8◦C during electrophoresis does not give better results.
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FIGURE 2. 10% SDS-PAGE gels with 2 M urea (a) and without 2 M urea (b). PTT-analysis of the NF1 gene: i) fragment H2; ii) fragment H3; and
PTT-analysis of BRCA1: iii) fragment A; iv) fragment B. Sharper bands are observed on autoradiogram (a).
FIGURE 3. 15% polyacrylamide SDS-PAGE gels with (a) and without (b) 2 M urea. The effect of urea is less pronounced in these 15% gels, generally being
beneficial, except for the fragments B (i) and C (ii) of exon 11 of the BRCA1 gene. For these fragments, better results are obtained in gels without urea.
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Especially in 15% gels no effect of cooling was discerned.
Electrophoresis was performed overnight at 30 mA, at
which amperage the rise in temperature of the gel system is
limited, even if electrophoresis occurs at room temperature.
These ‘matched experiments’ show optimized conditions
for the detection of mutations with PTT analysis. Transla-
tion ismore efficient when the reaction occurs at room tem-
perature (22◦C) and clearer signals are obtained by adding
2 M urea in the SDS-PAGE gels.
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Products Used
TnT: TnT from Promega Corporation
leucine: leucine from Sigma
Protean II xi Cell-complete system: Protean II
xi Cell-complete system from Bio-Rad
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